when in reality they may be forced to select the more expensive option as a result of their 8 personal constraints. We put forward the hypothesis that this can have major impacts on findings 9 in terms of heterogeneity in VTT measures. This paper examines via simulation the bias in VTT 10 estimates and especially preference heterogeneity when such constraints are (not) accounted for.
INTRODUCTION
1 Tjiong, Hess, Dekker, and Ojeda-Cabral particularly apparent within the SC context due to its hypothetical setting while in revealed 1 preference data, the chosen alternatives observed should be within budget unless irrational 2 decisions are made. It is hypothesized in this study that money and time budget constraints are 3 latent by nature as suggested by Ahmed and Stopher (6) and hence it is inevitable that some 4 attribute levels set out by researchers in the SC experiment might exceed some respondents' 5 budget constraints.
7
Potential bias due to budget constraint 8 The potential bias due to model misspecifications for ignoring the impact of budget constraints 9 on the availabilities of alternatives was identified soon after the development of the discrete 10 choice modelling framework (7). Since then many studies had provided evidence that suggests 11 ignoring the impact of travel (or budget) constraints may lead to biased estimation. Amongst 12 these studies, Cantillo and Ortúzar (8) and Li, Adamowicz and Swait (9) estimated the 13 misspecified models which also allow for random taste heterogeneity. Cantillo and Ortúzar (8) 14 found seriously biased estimates for VTT valuation in the presence of random attribute 15 thresholds and concluded that the MMNL model is not capable of capturing the non- 16 compensatory behaviour. Li, Adamowicz and Swait (9) assumed fixed tastes in simulated data 17 but found welfare measures that are biased even when choice set formation is purposefully 18 treated as taste heterogeneity in random parameter logit models. However, none of the above 19 have pinpointed the direct confounding issue between the taste heterogeneity and the attribute 20 thresholds. As such, this study aims to fill this research gap by allowing for random VTT that 21 vary across a simulated population to test the impacts on misspecified models. While our main 22 focus is on the impact of retrieving heterogeneity, it should be clear that bias can also arise in 23 fixed coefficients models. 24 
25
Implications of budget constraints on choice set modelling tools 26 It is anticipated that examination of the potential confounding impacts on taste heterogeneity 27 findings due to unaccounted budget constraint effects could provide valuable insights into the 28 performance of existing choice set formation models. A full two-stage probabilistic choice set 29 model (1; 3) includes modelling a first stage non-compensatory decision-making process in 30 which travellers restrict their decisions to a particular subset of a full choice set in order to 31 conform to their travel budget constraints. This is followed by a compensatory second stage 32 where utilities are maximized within each subset of choice set. We hypothesize that if taste 33 heterogeneity is indeed confounded with the budget constraint effect during the choice set 34 generation stage, then it could also lead to bias in the choice evaluation stage. It is also 35 anticipated that such issues also applies to the single-stage constrained choice set models for 36 approximation of the constrained choice sets (2; 10). increasing criticism as the valuations from more complex SC designs are deemed more reliable. 1 More complex choices are also thought to be more comprehensible to respondents (11).
2 Nevertheless, such simple trade-offs are useful in this study to enable us to disentangle the 3 confounding effects, which is more difficult under the presence of more than two attributes. 4 Also, it is anticipated that the impact of budget constraints on alternative elimination would be 5 the most severe as only one alternative remains in the choice set when the counterpart gets 6 eliminated for exceeding the time budget thresholds. As such, we could explore the impact of 7 budget constraints at its most extreme condition. The findings from this exercise should provide 8 insights to researchers for further test on designs with more complex choices. where T is the time attribute and C is the cost attribute, while and refer to the marginal 33 utilities of time and cost respectively. 
Model estimations

10
A number of different model specifications were tested on the simulated data.
12
Fixed and linear time sensitivities The log-likelihood function is given by:
We have assumed that the time sensitivities are negative lognormally distributed in the model Non-linear time sensitivities 5 We finally test non-linear functional forms to catch the tail of the VTT distributions where 6 attribute levels exceed travel budgets. As such, the 3rd-degree polynomials with the form 1 + 7 2 2 + 3 3 specified for time sensitivities are estimated using the MNL models. In terms of 8 the VTT calculations, the partial derivative of the utility also depends on the time attribute due to 9 the non-linearities. For the time sensitivities formulated in 3rd-degree polynomial form, the VTT 10 becomes ( 1 + 2 2 + 3 3 2 )⁄ .
Incorporation of constraints 
Biased estimates in MNL models when the availabilities of alternatives are unknown
The fact that the availabilities of alternatives are unknown to the analyst has several implications 1 for the model estimation. First, respondents whose time constraints leave them with only one 2 viable option, are then forced to choose the faster but more expensive alternatives. As the time 3 constraints are unobserved by the analyst, the choice models consequently over-estimate the time 4 sensitivities given that the observed choice probabilities of the faster alternatives are higher 5 compared to the estimates in the unbiased scenarios when the availability of alternatives are 6 known to analysts. As shown in Table 1 Given the popularity of using MMNL models to capture preference heterogeneity, it is of 24 particular interest to understand whether the MMNL models can fully capture the preference 25 heterogeneity even when some attribute levels exceed the time budget thresholds of respondents.
26
As shown in Table 1 , the MMNL models increasingly fail to capture the preference heterogeneity where random time sensitivities and mixed time budgets are assumed are shown in D2 in Table   14 2.
15 16
INCLUSION OF AN OPT-OUT ALTERNATIVE
17
The inclusion of an opt-out alternative, or sometimes referred to as the 'no choice', 'neither', 18 'none of these' or 'status quo' alternative in SC scenarios has been widely discussed in the past. without an opt-out alternative (B2 in Table 1 ). It is noted that the capability of recovering taste 45 heterogeneity under the presence of the opt-out alternative would depend on both the SC design 46 and the value of the ASC assigned. The SC design implemented in this study only allows one out of two travel alternatives to exceed the budget thresholds. This setting always allows respondents 1 to choose between the opt-out alternative and at least one other travel alternative, which 2 facilitates the retrieval of the true preference from these trade-offs. In practice, the recovery of 3 some taste heterogeneity might be somewhat less effective since the respondents could be forced 4 to choose the opt-out alternative only when both the travel alternatives presented exceed their 5 budget thresholds. In summary, the inclusion of the opt-out alternative would provide more 6 information to the choice model to explain taste heterogeneity but cannot fully eliminate the 7 confounding issue when the budget constraints are not accounted for in the choice model. to detect the potential budget constraint effects in SC data. 4 5 
CONCLUSIONS
